Abstract. Protein metabolism and utilization, and performance were examined in pigs kept on diets with two protein levels, 15 and 17 % crude protein (cp), and supplementation with free L-lysine and DL-methionine. In the 5 x 5 Latin square balance trial, 15 and 17 % cp diets were fed with and without supplementation with 2 g lysine/kg feed and one 15 cp diet with both lysine and 0.7 g methionine. The diets had 120 and 136 g DCP/FU, lysine 7.8, 9.4 and 11.0 g/kg and sulphur amino acids 4.4, 5.0 and 5.1 g/kg. Nitrogen retention was 13 % higher on the 17 % cp diet than on the 15 % cp diet (P > 0.05). The lysine supplementation improved N retention by 4.3 % on the 15 % cp diet and supplementation with the two amino acids improved it by 2.5 % (P > 0.05 %). Urinary urea excretion on the 17 % cp diet was 17-12 % higher than on unsupplemented 15 % cp diet, and on the diets with amino acid supplementation it was 7-B % lower (P < 0.05) than on the diets without.
Introduction
sources to increase the total protein content and to counteract any essential amino acid deficiency. In experiments (Alaviuhkola 1981) , in which the crude protein level is raised Pig formulas are normally based on grain and the diets are supplemented with protein progressively and the protein comes from conventional sources, it is likely that the response to protein which is measured is really a response to lysine. This is commonly the most limiting amino acid for pigs on a barley-based diet (Fuller et al. 1979) . When the diet is supplemented with protein concentrate, with the aim of reaching levels of lysine and threonine optimal for protein synthesis, the amounts of other amino acids may become excessive (Taylor et al. 1979 ). The digestible crude protein which the pig cannot utilize for protein deposition is mainly transformed into urea and excreted in the urine, raising energy costs and reducing protein efficiency (Fuller et al. 1979) .
The restrictions now placed on the import of feed protein into Finland and the desirability of developing domestic protein sources have increased interest in formulation of animal diets on an amino acid basis, using synthetic amino acids to ensure efficient protein utilisation. The growth rate, feed conversion efficiency and leanness of Finnish pigs have been improved considerably. Whether the protein and lysine requirements have been altered by the increased potential for protein deposition now requires to be investigated. The objective of the present study was to examine the protein utilization the daily gain and carcase quality of growing pigs when part of their protein supplements was replaced with synthetic lysine and methionine.
Materials and methods
The experimental diets were barley-based and supplemented with soybean meal and fish meal (4 + 1) to give crude protein levels of 15 and 17 ®/o. Synthetic L-lysine HCI alone or lysine and DL-methionine together were added to some diets, to give the same amino acid levels as were supplied by the protein supplements in others. One of the 17 % cp diets was had a higher level of lysine. The composition of the diets used in the balance trial and an analysis of their ingredients are shown in Table 1 . The data on the complete feeds used in the feeding trials are shown in Table 2 .
The nitrogen balance trial was carried out with six castrated Landrace x Large White pigs weighing 38-80 kg, the design being a 5 x 5 Latin square. One pig was kept on a proteinfree diet, based on barley starch (84.5 %) and supplemented with barley straw (10 %), butter (2.5 %) and a mineral mixture (3°7o), to measure metabolic faecal nitrogen and urinary endogenous nitrogen. The experimental animals were housed individually in metabolic cages, which allowed separate quantitative collection of urine and faeces. These were collected twice daily and representative samples were frozen and stored until analysis. The pigs were fed twice daily according to a standard scale based on the live weight (Salo et ai. 1982) . The diet was mixed with water (1 + 2 w/v) and water was given after feeding. The feed spillage was collected and substracted from the ration. The daily rations in the different periods were 1.6-2.8 kg. The pigs were weighed before and after each period. The details of the procedure are the same as described by Nasi (1984) .
The two growth trials were performed on a commercial pig farm (T. Ahonranta, Loimaa) wtih 500 pigs in each experiment. The pigs were assigned at random to the different feeds, the variations in starting weight between the groups being kept as small as possible. Twelve pigs were placed in each pen, there were ten replicates of each of the four treatments and the animals were fed on the same diet throughout the experimental period. In the second trial rearing methods were compared and the gilts and castrates were kept either in separate pens or together. In this trial all the pigs were fed the same grower diet, 18 % cp, to 50 kg live weight, after which they received one of the two experimental diets. In the second trial the number of replicates was 6-7 per treatment. In the trials the pigs were fed according to a restricted feeding regimen and feeding was the same for the two sexes (Salo et ai. 1982). The chemical analyses of the feeds and faeces were performed according to the official procedures and the other analyses were the same as described by Nasi (1984) . The data were treated by the analysis of variance and the differences between the treatment means were tested by the Tukey test (Steel and Torrie 1960) . In the second growth trial, covariance was applied to eliminate the effect of the difference in starting weights between treatments.
Results and discussion
The experimental diets used in the balance trial had slightly lower protein contents, 14.5 and 16.9 %, than estimated (15.0 and 17.0%), because the barley proved to have a rather low crude protein (CP) content (10.1 % of DM). The digestible crude protein contents of the diets were calculated to be 120 and 136 g/feed unit (FU) , and thus the diet with the lower cp value did not satisfy the protein requirements threonine (Salo et ai. 1982) . The fish meal in the present study had a low lysine content, 6.3 g/16 g N. In the growing pig diets, the analysis values were close to the estimated values ( Table 2 ), except that the crude protein contents were a little low and the SAA contents of the diets in growth trial 1 were a little higher than estimated.
The crude protein intake on the 17 % cp diet was significantly higher (P < 0.01) than on the 15 % cp diet (Table 3 ). The apparent digestibilities of nitrogen were slightly higher on the diet with a higher protein content (P > 0.05), which indicates that the protein supplements were more digestible than barley protein. N excretion in the urine was higher on the diets containing more protein (P < 0.05), which indicates that the protein supply was excessive or the amino acids not properly balanced. N retention was 13 % better in pigs on the 17 % cp diet than on the 15 % cp diet (23.7 vs. 21.0 g N/d). Lysine supplementation of 2 g/kg feed on the 15 % cp diet improved nitrogen retention by 4.3°7o (P > 0.05). When Low and Pittman (1979) supplemented a control diet containing 7 g/kg feed with 1 g/kg L-lysine, nitrogen retention increased from 20.3 to 23.1 g/d. In the present study the comparatively low response to supplemental lysine indicated that an essential amino acid or possibly the supply of nonessential amino acids was limiting for protein synthesis. Supplementation of the diet with both lysine and methionine, however, increased nitrogen retention by only 2.5 % of the level on the basal diet. Supplementation with methionine improved nitrogen retention only slightly, but the diets proved to be deficient in this respect. Increased response of SAA in growing pig diets up to 0.60 % in feed have been found when one third originated from synthetic methionine (Berende and Bertram 1983) . The only statistically significant difference in the nitrogen balance was found between the 15 % cp diet and the 17 % diet supplemented with LYS (P > 0.05). The nitrogen retention calculated as g/kg W 0 accorded with the daily nitrogen retention values (Table 3) . For the pig on the proteinfree diet the measured faecal metabolic nitrogen excretion was 1.43 g N/kg DM intake and the urinary endogenic N excretion was 0.099 The values found here are in accordance with those reviewed by Carr et al. (1977) .
Urinary urea excretion on the 17 % cp diets was 17-12 % higher than on the unsupplemented 15 % cp diet and on the diets with amino acid supplementation it was 7 -B % lower (P < 0.05) than on the diets without. The urea excreted in the urine of the pig on the protein-free diet was only 0.9 g/d. The quantity of urinary urea, which is the major metabolite of nitrogen excretion in the pig, is greatly influenced by the protein quality and the amino acid balance (Brown and Cline 1974) . Lysine supplementation improved the biological value of the diet protein by 2.2 % units and the lysine + methionine supplements given together improved it by 1.0 %-units. Fuller et al. (1979) have shown that supplementation of barley with lysine and threonine increased the biological value of barley protein from 51 to 86, and histidine supplementation further increased the biological value to 93. The daily gains on the diets with a lower protein content were ca. 100 g lower, than on the 17 cp diets, except in the case of the 15 % cp diet supplemented with both the synthetic amino acids, which gave the same daily gain as the diets with 17 % cp. The response of pigs to supplementation of low protein diets with essential amino acids can depend on several factors (Low 1980) . Additions of single amino acids should evoke a positive response only if the amino acid is first limiting (Fuller et al. 1979) . Here supplementation of a deficient protein supply with synthetic amino acids gave poorer results than expected from the amino acid figures of the supplemented diets, which indicated some essential amino acid deficiency or that the protein supply was inadequate, since the pigs at the higher protein level performed better. Utilization of the high levels of synthetic amino acids may have been impaired by unequal rates of absorption of protein derived and synthetic amino acids, as suggested by Bat terham (1984) . However, Partridge et al. (1985) did not find any differences in N use when pigs were fed twice a day or more frequently with diets supplemented with free lysine. Table 4 shows the performance of the pigs Table 5 . Performance of growing pigs on diets with different protein content supplemented with L-lysine HCI and DL-methionine when the sexes were reared together and separately in trial 2. in the trial 1, on diets with different protein levels, 15 and 17 %, and supplemented with lysine. The overall growth of the pigs in this experiment was moderate, 650 -700 g daily. On the diet containing 17 % cp, the daily gain was 7.4 % better than on the diet with 15 % cp. Supplementation of the 15 % cp diet with lysine improved the gain by only 2.3°7o (P > 0.05). The lower-protein diet was rather deficient as a feed for the total growing period, 25-100 kg of live weight, and lysine supplementation alone could not improve the performance. There was a statistically significant difference in feed conversion efficiency (P < 0.01) between the diets with different protein levels. The difference caused by lysine supplementation was quite small. Throughout the experiment, the feed intake was unusually low, averaging 2.02-2.09 kg/d, and the pigs receiving the diet with 17 % cp supplemented with lysine consumed significantly less than the other groups (P < 0.05). The carcase quality of the pigs on the higher protein diets tended to be slightly better, grades E + and E were more frequent in these groups. dennettyinä samaan tasoon 17°/o rv sisältävän dieetin kanssa lisäsi 2.5 % N-tasetta. Korkeammalla valkuaistasolla deaminaatio oli voimakkaampaa ja aminohappoli-säys vähensi urean erittymistä virtsassa 7 -B %. Kasvatuskokeessa 17 % rv-dieetillä sikojen lisäkasvu oli 7.4 % parempi kuin 15 % rv saaneilla ja 0.2 %;n lysiinilisäys paransi kasvua 2.4 %. Toisessa kasvatuskokeessa aminohappotasapainotetulla 15 %: n seoksella saatiin sama kasvutulos kuin 17 % rv sisältävällä seoksella, kun koeseoksia käytettiin 50 kg:n elopainosta teurastukseen.
Rehuseos, jossa oli 17 % rv (13.6 % srv), täytti sikojen valkuaisentarpeen koko kasvatuskauden ajan, joskin deaminaatio oli suurta. 15°/o:n (12.0 % srv) valkuaistaso oli riittämätön joidenkin aminohappojen osalta vaikka lysiiniä ja metioniiniä oli lisätty normien mukaisesti. Synteettisten aminohappojen täydennyksillä saatiin pienempiä vaikutuksia valkuaisen hyväksikäytössä ja kasvutuloksissa kuin dieettien pitoisuuksista olisi voinut olettaa.
